Like all phenological processes, microsporogenesis is mainly determined genetically, but its phenotypical expression is greatly influenced by environmental factors, particularly the temperature. During the 3-year experimental period, the process of microsporogenesis was examined in eight apricot cultivars originated in North America and in Romania. The Hungarian cultivar 'Gönci magyar kajszi' was used as the control. Based on the results it was possible to rank the cultivars in terms of their microsporogenesis schedule. The same order was found in all three years. This order also indicates the yield reliability of the cultivars. Endodormancy ended between January 10 th and 25 th in the buds of the earliest cultivar 'Pinkcot' , but not until February 5-10 th in the latest cultivar 'Harlayne' . Three of the cultivars had faster flower bud development than the control, in the order 'Pinkcot' , 'Orange Red' and 'Harcot' . Growing these cultivars thus involves greater risk than for 'Gönci magyar kajszi' in Hungary, due to their rapid winter flower bud development. Some cultivars found to have slower flower bud development than 'Gönci magyar kajszi'; 'Litoral' , 'Harogem' , 'Comandor' , 'Sirena' and 'Harlayne' -thus these cultivars can be grown more reliably.
Introduction
The flower bud development of apricot cultivars during the winter dormancy period can be monitored by examining microsporogenesis. Like all phenological processes, microsporogenesis is mainly determined genetically, but its phenotypical expression is influenced to a great extent by environmental factors, particularly by temperature.
Detailed analyses were made in orchards in the Mediterranean region on the microsporogenesis of the most widely grown apricot cultivars (Andreini et al., 2012; Bartolini and Viti, 1999; Bartolini et al., 2006a Bartolini et al., , 2006b Julian et al., 2009 Julian et al., , 2011 Scalabrelli et al., 1991; Viti and Monteleone, 1991) . In Hungary, Banainé (1981) and Nyujtó and Banainé (1975) were the first to publish similar research on Hungarian-bred cultivars. Later, in addition to Hungarian cultivars, foreign cultivars were also examined from this point of view in Hungarian orchards (Németh et al., 2009; Sebők, 1993; Szalay, 2001; Szalay and Németh, 2010; Szalay et al., 1999; Szalay et al., 2004; Szalay et al., 2006a Szalay et al., , 2006b .
All in all, the results achieved till now show that the rate of microsporogenesis differs greatly from one apricot genotype to the other, while there are also considerable differences among locations and years.
Hungary is close to the northern limit for the cultivation of apricot. To ensure reliable yields, it is thus important to choose cultivars with slow winter flower bud development and a long endodormancy period (Szalay, 2001 (Szalay, , 2008 .
Efforts are constantly made to discover marketable cultivars with satisfactory yield reliability to extend the list of cultivars suitable to Hungarian conditions. The microsporogenesis of three Romanian and five North American apricot cultivars was investigated in three consecutive years in the gene bank collection. The main aim was to determine whether the flower bud development traits of these cultivars made them suitable for reliable production under the ecological conditions in Hungary.
Materials and methods
The experiments were carried out in the Gene Bank Collection of Apricot Cultivars in the Experimental Orchard of the Department of Pomology, Corvinus University of Budapest, which is located in Soroksár, on the outskirts of Budapest.
Experiments were performed in the winters of three consecutive years, 2010/11, 2011/12 and 2012/13, on three cultivars from Romania (Ro) and five from North America (Am). These were as follows: 'Comandor' (Ro), 'Harcot' (Am), 'Harlayne' (Am), 'Harogem' (Am), 'Litoral' (Ro), 'Orange Red' (Am), 'Pinkcot' (Am) and 'Sirena' (Ro). The cultivar 'Gönci magyar kajszi' was included as a control. tile since the day on which 5% of the flowers had opened was recorded in the orchards as the start of blooming.
First we compared the three years considering the starting dates of the different phenological stages using repeated measures ANOVA model separately for all phenological stages. Multivariate tests were used to test the significance of the unexplained variances, Wilk's lambda. Since the sphericity assumption was violated, we used Greenhouse-Geisser's correction. Tests of within subjects effects were executed which was followed by Bonferroni's pairwise comparisons. Normality of the error term was proved then by .
To test the similarity of the orders of the cultivars considering the occurrence of the phenological phases, we used Friedman's rank test.
To detect the year dependency, coefficients of variations (CV) were calculated as the standard errors divided by the means of starting dates of phenological stages for each cultivar and phenological stage. The CV data were then compared with 2-way ANOVA model where the two fixed factors were cultivar and phenological stage. Normality of the error term was proved then by KolmogorovSmirnov's test (p > 0.05).
We also tested the significance of the differences between the velocity factors of the phenological stages and cultivars with a 2-way analysis of variance model where the fixed factors were again the cultivar and phenological stage and the random factor was the year. Since the normality assumption was violated in this case, we applied an inverse transformation. Normality of the error term was then proved by Kolmogorov-Smirnov's test again (p > 0.05).
In both ANOVA tests, homogeneity of variances was checked by Levene's test (p = 0.05). Post hoc tests were performed by Tukey's or Games-Howell' test, according to the result of test Levene's test.
Statistical analysis was performed using IBM SPSS 20.
Results and discussions
Substantial differences were observed among cultivars regarding the schedule and the speed of the microsporogenesis process, and large differences were also noted between the years. The starting dates of each phenological stage are taken as the inflexion points of the sigmoid curves from the beginning of ecodormancy up to pollen stage. The start of blooming is taken as the value of 5% quantile (Tab. 1.). The dates are expressed as Julian days, i.e. the number of days elapsed from January 1 st . First we compared the years considering the starting dates of the different phenological stages using repeated measures ANOVA model separately for all phenological stages. Multivariate tests were all significant except for pollen mother cell stage (Wilk's lambda were all under 0.3 with p < 0.01 except for pollen mother cell stage when it was as high as 0.95 with p = 0.83). Since the sphericity
Experimental methods
Fruiting branches were collected from designated trees every week (or if necessary, several times a week) throughout the winter dormancy period, and the flower buds located on the spurs were examined. The anthers were removed from the flower buds, placed on slides, stained with carmine acetic acid and covered with a cover slide. After gentle pressure, the slides were put under a microscope to examine the tissue structure of the anthers. On each occasion anthers from 8-10 flower buds were examined for each genotype. Phenological stages of microsporogenesis and their ratio were registered on each slide. Six developmental stages were distinguished:
(1)Archesporium stage -the tissues in the anthers were still undifferentiated.
(2)String stage (string) -the differentiation of the archespores in the anthers had begun, but the developing pollen mother cells were still stuck together in strings.
(3)Pollen mother cell stage (p. m. cells) -the pollen mother cells in the anthers were fully developed and could be seen separately on the slides.
(4)Tetrad stage (tetrad) -reduction division into four parts had taken place in the pollen mother cells, leading to the presence of tetrads in the anthers.
(5)Microspore stage (msp) -four microspores had formed from each pollen mother cell and could be seen separately in the anthers.
(6)Pollen stage (pollen grains) -pollen grain formation was complete; pollen grains of the shape and pattern characteristic of the genotype could be seen in the anthers.
The process of microsporogenesis can be modelled by sigmoid type functions of form where: X -denotes the date expressed in Julian day; m -is the inflexion point of the curve which corresponds to the median (the 50% quantile); s -is a velocity factor i.e. the slope of the curve at point
The regression models fitted to the observations were evaluated by their F values, the t values of the parameter estimations together with the explained variances (R 2 ) and the significance of all F, t and R 2 values was proved (p<0.05). Normality of the error term was proved by Kolmogorov-Smirnov's test (p > 0.05).
The 50 % quantile of the sigmoid curve of a given stage was considered as the starting date of that stage in case of the stages beginning from string one up to the pollen one, while the start of blooming was expressed as the 5 % quanis a normally distributed error term with expected value of zero.
; assumption was violated, we used Greenhouse-Geisser's correction (ε were all above 0.53). Tests of within subjects effects revealed highly significant year effect (F(2* ε;16* ε) were all above 20 with p < 0.01 except for pollen mother cell stage for which F(1.1;8.7) = 0.17 with p = 0.71). Bonferroni's pairwise comparisons yielded that every year was significantly different from all the others for blooming and pollen grains (p < 0.01), year 2012 differed significantly (p < 0.01) from the more similar ones 2011 and 2013 (p > 0.05) Tab. 1. Starting dates of the phenological stages in microsporogenesis in apricot cultivars in three consecutive years (number of days from January 1 st ) with the velocity factors (s) of the sigmoid curves. The starting dates of each phenological stage are taken as the inflexion points of the sigmoid curves from the beginning of ecodormancy up to pollen stage (m). The start of blooming is taken as the value of 5% quantile *5 % quantile p>0.8). In a later phenological stage, however, the variance of the starting days measured for different cultivars was mostly lower. The negative linear trend was significant (Pearson's R = -0.47; p < 0.01). We also proved for string and blooming phases that the later the stage starts in a year the more quickly it passes (Pearson's R = -0.38; p < 0.05; Pearson's R = -0.67; p < 0.001).
At the beginning of microsporogenesis each phenological stage takes a longer time to be completed. The development of the string stage from the archespore tissue took 20-24 days in all the cultivars tested, while the transition from the tetrad stage to the microspore stage required 10-14 days and blooming was completed within 3-5 days (Fig. 1) .
We can prove this using a two-way ANOVA test of significance for the differences of the velocity factors. We detected that the in heterogeneity of velocity factors was highly significant for the phenological stages (F(5;106) = 262.94; p < 0.001) and insignificant for the cultivars (F(8;106) = 0.43; p = 0.90). The interaction phenological stage*cultivars was insignificant (F(40;106) = 0.71; p = 0.89). Tukey's post hoc test revealed that every single velocity factor of a phenological stage differs significantly from all of others but msp and pollen grains (p < 0.001; p = 0.15, respectively). We can conclude that the later the start of phenological stage is, the faster its process is, similarly for all cultivars. The differences between the years are illustrated using the 3-year results recorded for the 'Litoral' cultivar, which has a medium rate of flower bud development (Fig. 2) . The end of endodormancy (string stage) in the flower buds of this cultivar occurred on the same day, February 3 rd , in 2011 and 2013, while in 2012 it was observed 10 days earlier. The time required for each stage of microsporogenesis to develop differed over the years, due to the diverse weather conditions.
In 2011, the microspores developed very quickly after the end of endodormancy in the flower buds of the 'Litoral' cultivar, the start of the microspore stage being reTab. 2. Coefficients of variations of the starting dates of the stages (m) in microsporogenesis in apricot cultivars with respect to the three years i.e. the standard errors divided by the means which can express the variability of the starting dates of phenological stages, depending on the effect of year. The different letters A to C represent phenological stages with significantly different CV values according to Games-Howell's post hoc test (p < 0.05) To detect the year dependency, coefficients of variations (CV) were calculated as the standard errors divided by the means of starting dates of phenological stages for each cultivar and phenological stage. The 2-way ANOVA test revealed that the effect of cultivar was not significant (F(8;40) = 0.53; p = 0.83) while the one of phenological stage was significant (F(5;40) = 13.93; p < 0.001). The result of Games-Howell's post hoc test is presented in Tab. 2. We can conclude generally that the order of the phenological stages according to their year dependency is: string, microspore stage (msp), tetrads, mother cell stage (p. m. cells), blooming and pollen grains. Moreover, this can be stated quite similarly for the cultivars.
Three stages in microsporogenesis were highlighted to introduce the differences between cultivars and years: the string stage, which indicates the end of endodormancy in the flower buds; the microspore stage, when reduction division is completed and the formation of pollen grains has begun; and the start of blooming, which indicates the end of the microsporogenesis process.
In all three years the flower bud development of 'Pinkcot' was the earliest of all the cultivars, while that of 'Harlayne' was the latest. The microsporogenesis rates of the other cultivars tested, and also of the control cultivar 'Gönci magyar kajszi' (GMK), fell between these values. The results obtained for these three cultivars in 2011 are illustrated in Fig. 1 for the three stages focused (the string stage, the microspore stage and the start of flowering).
The order of the cultivars considering the occurrence of the phenological stages was very similar in each year for each phenological stage (Friedman's test: X 2 (2)<0.4; ticularly the flower buds, have slow winter development, while the end of endodormancy is late and frost tolerance is maintained for a long period (Szalay, 2001 (Szalay, , 2008 . Apricot cultivars with short endodormancy and rapid flower bud development can be successfully cultivated in more southern countries in the Mediterranean region (Guerriero et al., 1988) . From the point of view of yield reliability, cultivars with long endodormancy, bred under ecological conditions similar to those in Hungary, could be promising for widening the choice of cultivars. One aim of the apricot breeding programme in Romania was to develop late-flowering cultivars with good frost tolerance and winter hardiness for cultivation in the temperate zone (Cociu, 1982 (Cociu, , 1991 Cociu and Hough, 1985) . The cultivars examined in the present work originated from this breeding programme. It is planned to continue these tests on the latest cultivars developed by Romanian breeders (Topor et al., 2010) . In Canada, too, an improvement in frost tolerance and winter hardiness is an important aim in apricot breeding (Layne, 1978 (Layne, , 1979 (Layne, , 1981 Layne and Gadsby, 1995) . Three cultivars ('Harcot' , Harogem' , 'Harlayne') originating from the Canadian breeding programme were also included in the present tests.
Conclusions
Over a three-year period the phenological processes of five cultivars from North America and three from Romania were analysed, using the cultivar 'Gönci magyar kajszi' , which has moderate frost tolerance and winter hardiness and is grown widely in commercial orchards in Hungary, as a control. On the basis of the results, the cultivars were ranked in terms of the schedule of microsporogenesis. Almost the same order was observed in all three years, and this order can be regarded as indicative of the yield safety of cultivars. The end of endodormancy in the flower buds was recorded between January 10 th and 25 th for the firstranking cultivar 'Pinkcot' , but not before February 5-10 th for the last cultivar, 'Harlayne' . Three of the cultivars tested had faster flower bud development than the control ('Pinkcot' , 'Orange Red' and 'Harcot' , in this order), indicating that their cultivation would be riskier than that of 'Gönci magyar kajszi' in Hungary, due to their rapid flower bud development in winter. Cultivars found to have slower flower bud development than 'Gönci magyar kajszi' (in the order 'Litoral' , 'Harogem' , 'Comandor' , 'Sirena' and 'Harlayne') could be grown with less risk in Hungary. In 2012, the string stage was reached early, but the microspores developed latest in this year. Nevertheless, at the end of the microsporogenesis process, blooming started earlier than in the other two years, on March 25 th . In 2013, the process of microsporogenesis started similarly to that observed in 2011. The string stage was reached on the same date in 2013 as in 2011 and microspore development started two days later than in 2011. The blooming of 'Litoral' , however, was latest in this year, not starting before than April 14 th . The rate of microsporogenesis is greatly influenced by environmental factors, especially the temperature (Szalay, 2008) , resulting in substantial differences among years. This was confirmed by the present studies on nine cultivars over a 3-year period. However, the order of the cultivars was almost the same in each year, suggesting that, like all phenological processes, microsporogenesis is fundamentally genetically determined. This means that even analyses carried out over a few years are sufficient to allow the cultivars to be reliably ranked in terms of the end of endodormancy and the schedule of microsporogenesis. Before new cultivars are introduced into cultivation, it is essential to test their suitability for a given location. The data provided by phenological analysis are useful for this purpose if compared with those of control cultivars having known their frost tolerance and winter hardiness.
There is no close correlation between the schedule of microsporogenesis and the frost tolerance of the overwintering organs in the flower buds, as they are subject to separate genetic regulation (Bassi et al., 2006) . However, the length of endodormancy has a considerable influence on the frost tolerance and winter hardiness of the cultivar, as the frost tolerance of the over-wintering organs decrease just during the ecodormancy period (Szalay, 2001 (Szalay, , 2008 .
As Hungary is one of the most northern countries where apricots can be grown economically, the best cultivars are those in which the over-wintering organs, par-
